This study evaluated the intraexaminer repeatability of measurements of surface electromyography (EMG) variables and functional indices of the myoelectric signals from the masseter and temporalis muscles bilaterally in 15 healthy men. The test was repeated on two different days without templates. The resting muscle activity was recorded once, and two kinds of maximum voluntary contraction (MVC) tasks were performed and recorded three times. The two MVC tasks involved clenching the teeth and biting down on two cotton rolls bilaterally with the posterior teeth. The intraclass correlation coefficient (ICC) of amplitude was >88% and that of frequency was >95% during the two MVC tasks but not under resting conditions. The ICC of the asymmetry and activity indices during the two MVC tasks was >76%. A Bland-Altman analysis revealed no significant difference in amplitude or frequency or in the two indices between the two days during the MVC tasks. In conclusion, the measurements of surface EMG variables and the indices obtained according to the study protocol were highly repeatable in healthy men. Additional studies using templates and intraexaminer measurement errors are warranted in both men and women for complete validation of these findings.
Introduction
Electromyography (EMG) is a method for recording and evaluating myoelectric signals generated during muscle activation. In surface EMG, myoelectric signals are measured through the skin surface. Although surface EMG is useful to monitor the activities and understanding the function of jaw muscles, its diagnostic efficacy in disease conditions such as myalgic temporomandibular disorders is limited by numerous factors. EMG measurements may have low reliability because of technical factors, including electrode placement, electrode position, interelectrode distance, cross-talk, head or body movement, and existing pain conditions (1) .
The masseter and temporalis muscles are superficially located jaw-closing muscles; thus, these are readily accessible with surface electrodes. Although these muscles are Journal of Oral Science, Vol. 59, No. 2, 233-245, 2017
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Yeong-Gwan Im 1) , Sang-Ho Han 2) , Ji-Il Park 3) , Hae-Soon Lim 4) , Byung-Gook Kim 5) , and Jae-Hyung Kim 5) well isolated from other muscles, they can be influenced by cross-talk with adjacent facial muscles. Cross-talk commonly reduces the specificity of the recorded EMG signal, causing contamination by signals from nearby muscles. The myoelectric signal of these jaw muscles is most commonly acquired using a bipolar electrode configuration, wherein various interelectrode distances have been used. To reduce variability, the interelectrode distance should be fixed across different measurements, sessions, or time periods. Large interelectrode distances, up to 30 mm, have been shown to improve the reliability of measurements of amplitude and spectral variables (2) . A 20-mm interelectrode spacing or one-fourth the length of the muscle fiber was recommended for bipolar surface EMG sensors by the Surface EMG for Noninvasive Assessment of Muscles (SENIAM) group (3) . Another strategy to decrease the variability related to EMG sensor repositioning involves use of a template to guide preset electrode positions in multiple examination sessions, particularly on different days (4) (5) (6) . Variability in impedance results in low reproducibility of EMG measurements. Impedance varies between active muscle fibers and electrodes and between inter-and intra-participant measurements. Several normalization procedures are available to control for inconsistent impedance. For masseter and temporalis muscles, tasks of maximum forceful tooth clenching at the intercuspal jaw position are performed to induce maximal voluntary isometric contraction as a reference value. Tasks involving biting down on the dental surfaces, cotton rolls, or other materials with maximal or submaximal effort are performed to standardize the amplitude variable and to get relevant signals of interest (7) (8) (9) (10) (11) (12) (13) .
Several indices, including activity and asymmetry indices (14) , have been introduced to assess coordination, synergism, and symmetry of the activities of two muscles, expanding the scope of functional analyses with surface EMG. The reliability of these indices can be ensured only when the reproducibility of raw EMG data has been validated.
Repeatability is a component of reproducibility or precision that is assessed by having a single observer performing repeated measurements on the same specimens under the same conditions. In this study, the amplitude and spectral variables of the surface EMG recordings and the activity and asymmetry indices, which were produced from the amplitude variable, were tested for repeatability or intraexaminer reproducibility in normal adults. The primary aim of this study was to investigate whether surface EMG variables and the two indices were repeatable with bipolar surface electrodes on temporalis and masseter muscles.
Materials and Methods
Participants
In total, 15 healthy men aged 25.6-36.9 (mean ± SD: 30.3 ± 3.9) years participated in this study after undergoing a screening evaluation and providing informed consent. Their mean (±SD) height, weight, and body mass index (BMI) were 176.3 ± 5.1 cm, 78.1 ± 9.2 kg, and 25.1 ± 2.5 kg/m 2 , respectively. Participants had no tooth loss, except third molars, no fixed dental prosthesis, no crossbite, an anterior overbite of 1-5 mm, an anterior overjet of 2-5 mm, a dental midline discrepancy of <1 mm, and canine guidance or group function during lateral excursive movements. Participants with known history of head injury or surgery, jaw pain, or neurological disorders were excluded. Women were excluded to control the effects of gender. Ethical approval was obtained from the Chonnam National University Dental Hospital Institutional Review Board (CNUDH-2014-006).
Experimental protocol
The same EMG examination and recording procedure was repeated on two different days less than 2 weeks apart in an isolated, quiet room containing a dental chair and under controlled illumination and temperature. The participant was seated upright in a dental chair with his head in an unsupported natural position. The participant's eyes were fixed on the wall on an object that was 1 m in front of him. Resting muscle activity was recorded for 30 s once (REST). The participant executed two kinds of maximum voluntary contraction (MVC) tasks: i) the participant was instructed to clench his jaw as strongly as possible in the intercuspal position and to maintain the maximum level of contraction for 3 s (MVCC), ii) the participant was instructed to bite down as strongly as possible on two 10-mm-thick cotton rolls positioned bilaterally in the premolar and molar regions for 3 s (MVCBB). Three trials for each task were performed, with 30-s rest periods between trials. The two tasks were separated by a 1-min rest period. The participant became familiar with the tasks by performing test trials before EMG recording. To standardize the contraction tasks, beep sounds were used to indicate the start and the end of the muscle contraction in each trial of the task following a preset schedule of the program (TeleScan, ver. 3.01; Laxtha, Daejeon, Korea).
Surface EMG detection
Myoelectric signals were detected using a bipolar surface electrode configuration and a single differential EMG system. Disposable, monopolar, disc-type, Ag/AgCl surface electrodes 10 mm in diameter with sticky gel (T246H, Bio Protech, Wonju, Korea) were attached to the skin after vigorous rubbing with alcohol cotton pads. Pairs of surface electrodes were located on the skin of both the left and the right superficial masseter muscles and the anterior portion of both the left and right temporalis muscles. The center-to-center distance between electrode pairs was fixed at 20 mm and secured with adhesive tape. A single monopolar reference electrode was placed over the skin of the spinous process of the seventh cervical vertebra.
The anterior margin of the superficial masseter belly was palpated and drawn with the participant forcefully clenching his teeth. A line, starting from the corner of the mouth and contacting the inferior border of the auricle, was drawn and defined as the first reference. Then, the intersection point of the anterior margin of the superficial masseter and the first reference line was marked. The location on the masseter muscle, one-fourth of the length from the intersection posteriorly to the contact point of the first reference line with the inferior border of the auricle, was determined and defined as a reference point. One monopolar surface electrode was placed 1 cm above the first reference line from the reference point, and another monopolar electrode was placed 1 cm below the first reference line; the two electrodes were arranged parallel to the line of the anterior margin of the superficial masseter, completing the bipolar electrode placement on the masseter muscle.
Another line, starting from the lateral canthus of the eye and contacting the superior border of the auricle, was drawn and deemed the second reference line. The location on the anterior temporalis muscle, one-fourth of the length from the lateral canthus posteriorly to the contact point of the second reference line with the superior border of the auricle, was determined for placement of one monopolar surface electrode. A line, connecting the reference point on the masseter muscle with the point for a monopolar electrode of the anterior temporalis, was drawn and defined as the third reference line. Another monopolar electrode was placed on the third reference line, 2 cm above the first electrode, completing the bipolar electrode placement on the anterior temporalis muscle (Fig. 1) .
The signal was amplified with a 13-480-Hz bandwidth (Butterworth filter; −3 dB response; slopes of the cut-offs: low-pass 48 dB/octave, high-pass 12 dB/octave), sampled at 1024 Hz and digitized with a 12-bit A/D converter by using a differential amplifier with input impedance >100 MΩ, a high common mode rejection ratio (CMRR >90 dB), and an actual gain range of 700-5,800 (LXM3204, Laxtha). Data sets were stored on the hard disk drive of a personal computer.
Signal processing
The amplitude and spectral variables were computed from the sampled signals by using TeleScan ver. 3.01 (Laxtha). The signals were digitally filtered at a band-pass range of 10-400 Hz and a band-stop frequency of 60 Hz. An interval from 5-25 s was selected from the REST recordings, and three intervals of 2-s duration, corresponding to the first, second, and third contraction of the task trials, were selected from the MVCC and MVCBB recordings. Each interval began 1 s after the first beep, which indicated the beginning of a contraction, and terminated at the time of the second beep, which indicated the end of the contraction. The root-mean-square (RMS) amplitude (units: μV) was calculated using an RMS operation function (smoothing: 200, T: 200/1024) and averaging. The median frequency (unit: Hz) was calculated using a fast Fourier transform (FFT) function.
The activity index was used to compare the quantitative contributions (EMG activities) of the anterior temporalis and superficial masseter muscles to the contraction efforts (14) . The activity index of the anterior temporalis and superficial masseter muscle pair was calculated for each of the right and left sides by using RMS amplitude data obtained from the two MVC tasks MVCC and MVCBB. The activity index of the anterior temporalis and superficial masseter muscle pair was defined as follows:
Activity index MS/TA = (A MS − A TA ) / (A MS + A TA ) × 100 where A MS is the RMS amplitude of the superficial masseter for a specific task and A TA is that of the anterior temporalis. The activity index for the right side (AcRt) Fig. 1 Location of surface electrodes on the superficial masseter and anterior temporalis muscles and that for the left side (AcLt) were calculated.
The index ranged from −100% to +100%, with +100% denoting exclusively superficial masseter activity. Thus, a higher activity index indicates a greater contribution from the superficial masseter muscle than from the anterior temporalis muscle.
The asymmetry index (14) was defined as follows: Asymmetry index = (A right − A left ) / (A right + A left ) × 100 where A right and A left are the RMS amplitudes of the right and left muscles, respectively, for a specific task. The asymmetry index for the temporalis muscle (AsTA) and that for the masseter muscle (AsMS) were calculated.
The index ranged from −100% to +100%, with a positive index indicating right-side dominance and a negative index reflecting left-side dominance.
Statistical analyses
The reproducibility of the amplitude and frequency variables and the two indices was evaluated using the intraclass correlation coefficient (ICC), defined as follows (15):
where σ t 2 = variance due to trial-to-trial variability, σ d 2 = variance due to day-to-day variability, and σ s 2 = variance due to inter-subject variability.
ICC is the percentage of the total variance (σ tot 2 ) due to inter-subject variability (σ s 2 ). Total variance (σ tot 2 ) is the sum of the three types of variance: σ tot 2 = σ t 2 + σ d 2 + σ s 2 . The percentages of variance due to trial-to-trial (σ t 2 ) and that due to day-to-day (σ d 2 ) variability were computed as 100 × t 2 /σ tot 2 and 100 × σ d 2 /σ tot 2 , respectively. In case of the resting condition, σ t 2 was excluded from the equation because there was only one trial per day. ICC values >80% suggested excellent reproducibility, those between 60% and 80% suggested good reproducibility, and those <60% suggested poor reproducibility.
For the Bland-Altman plot analysis, the three data values obtained during the MVCC and MVCBB tasks on the first and second days were averaged to produce a mean value for each day. The Kolmogorov-Smirnov test for normality revealed that a majority of the amplitude, frequency, and index data were normally distributed, and only a few data values were not. The systematic error between the measurements of the two consecutive days was examined using the mean of the differences with the 95% confidence interval (CI). Limits of agreement (LoAs) or 95% CIs were calculated as the mean difference ± 1.96 standard deviations, which was depicted in the Bland-Altman plot (16) .
ICC was statistically analyzed using "R" (ver. 3.2.2), and the other analyses were performed using the SPSS software (ver. 21.0; SPSS Inc., Chicago, IL, USA).
Results
ICCs of the RMS amplitude variable of all muscle sites during the MVCC and MVCBB tasks were >88%, and those of the median frequency variable were >95% during the two tasks, indicating excellent reproducibility. Under the resting condition, ICCs of the amplitude of the masseter muscle of the right side (RtMS) and of the left side (LtMS) were approximately 94%, whereas those of the temporalis muscle of the right side (RtTA) and of the left side (LtTA) were approximately 50%. ICCs of the median frequency variable under the resting condition were more variable. The ICC of the frequency of LtTA was even negative, with high day-to-day variance (σ d 2 ). ICCs of the asymmetry index during the MVCC and MVCBB tasks (AsTA and AsMS) were >95%, indicating excellent reproducibility. ICCs of the activity index during the two tasks AcRt and AcLt were between 76% and 89%, indicating good-to-excellent reproducibility ( Table 1 ). The mean differences in all amplitude and frequency variables and the two indices were small, and the 95% LoA for all variables and indices were narrow, indicating good repeatability between the two days for the two MVC tasks. For example, the mean differences in the median frequency variable for the two MVC tasks were extremely small, considering its day mean values, varying between −2.0 and 2.0 ( Table 2) . Bland-Altman plots indicated no significant difference in the variables or indices between the two days for the two MVC tasks; most values were within the limits of the 95% CI (Figs. [2] [3] [4] [5] .
However, under the resting condition, relatively high mean differences and wider 95% LoAs were noted in the amplitude data of the anterior temporalis muscle and the median frequency data of the anterior temporalis and masseter muscles. For example, the mean difference in the median frequency variable of the LtTA under the resting condition was largest, at 27.6, with 95% LoAs ranging from −93.49 to 148.70. The mean differences in the asymmetry index during the MVCC and MVCBB tasks ranged from −1.0 to 1.0, and those in the activity index during the two MVC tasks ranged from 1.88 to 3.02 ( Table 2 ).
Discussion
The present study confirmed an extremely high level of reproducibility with high ICC values and narrow 95% LoAs for the amplitude and spectral variable data and the REST: resting jaw condition, MVCC: maximum jaw clenching in the intercuspal position, MVCBB: maximum bilateral biting of two cotton rolls with the posterior teeth, RtTA: right anterior temporalis, LtTA: left anterior temporalis, RtMS: right superficial masseter, LtMS: left superficial masseter, AsTA: asymmetry index for the temporalis muscle, AsMS: asymmetry index for the masseter muscle, AcRt: activity index for the right side, AcLt: activity index for the left side. 2.99 (13.50-7.52) n = 15. 95% CI: 95 percent confidence interval, REST: resting jaw condition, MVCC: maximum jaw clenching in the intercuspal position, MVCBB: maximum bilateral biting of two cotton rolls with the posterior teeth, RtTA: right anterior temporalis, LtTA: left anterior temporalis, RtMS: right superficial masseter, LtMS: left superficial masseter, AsTA: asymmetry index for the temporalis muscle, AsMS: asymmetry index for the masseter muscle, AcRt: activity index for the right side, AcLt: activity index for the left side. Fig. 2 Bland-Altman plots for amplitude and power spectrum frequency variables of the myoelectric signals from the temporalis and masseter muscles on the right and left sides under the resting condition for the two consecutive days. RMS: root mean square, REST: resting jaw condition, RtTA: right anterior temporalis, LtTA: left anterior temporalis, RtMS: right superficial masseter, LtMS: left superficial masseter.
Fig. 3
Bland-Altman plots for amplitude and power spectrum frequency variables of the myoelectric signals from the temporalis and masseter muscles on the right and left sides during the MVCC task for the two consecutive days. RMS: root mean square, MVCC: maximum jaw clenching in the intercuspal position, RtTA: right anterior temporalis, LtTA: left anterior temporalis, RtMS: right superficial masseter, LtMS: left superficial masseter.
Fig. 4
Bland-Altman plots for amplitude and power spectrum frequency variables of the myoelectric signals from the temporalis and masseter muscles on the right and left sides during the MVCBB task for the two consecutive days. RMS: root mean square, MVCBB: maximum bilateral biting of two cotton rolls with the posterior teeth, RtTA: right anterior temporalis, LtTA: left anterior temporalis, RtMS: right superficial masseter, LtMS: left superficial masseter.
Fig. 5
Bland-Altman plots for asymmetry and activity indices of the myoelectric signals from the temporalis and masseter muscles during the MVCC and MVCBB tasks for the two consecutive days. MVCC: maximum jaw clenching in the intercuspal position, MVCBB: maximum bilateral biting of two cotton rolls with the posterior teeth, AsTA: asymmetry index for the temporalis muscle, AsMS: asymmetry index for the masseter muscle, AcRt: activity index for the right side, AcLt: activity index for the left side. two indices calculated from the amplitude during the two MVC tasks, obtained by following the protocol described for the anterior temporalis and superficial masseter muscles in healthy men.
ICCs of the RMS amplitude and median frequency for the two MVC tasks ranged between 88% and 99%, indicating excellent reproducibility. The high reproducibility of surface EMG variables during MVC tasks is consistent with previous studies (6, (17) (18) (19) . Specifically, ICCs of the median frequency variable were >95%, suggesting greater reproducibility than that of the amplitude variable. This finding corresponds well with that of a previous study (6) . The reproducibility of EMG amplitudes is known to be the highest for those obtained during MVC activities. For example, at an 80% MVC force level, ICCs of the average rectified value and mean power spectral frequency with an interelectrode distance of 20 mm were <80% (2), suggesting good, but not excellent, reproducibility.
The reproducibility of the RMS amplitude of the masseter muscle under the resting condition was also excellent, with ICCs around 94%, which corresponded well with those used in a previous study (4) . In contrast, the ICC of the amplitude of the anterior temporalis muscle was approximately 50%, and its 95% LoA was wide, considering the mean values for each day, indicating poor reproducibility and poor agreement between days. Greater variability among repeated measurements of the resting EMG amplitude, particularly of the anterior temporalis muscle, was reported in patients with myalgia (4). In healthy adults, repeated EMG amplitude recordings of the masseter and anterior temporalis muscles in the mandibular rest position were reliable within the same session (5) but significantly different on different days (5, 6) .
The excellent repeatability of the median frequency during the MVC tasks of this study is consistent with findings from a previous study (6) . In contrast, ICCs of the median frequency under the resting condition were variable with poor repeatability; those of the masseter muscle were <50%, whereas those of the left temporalis muscle were even negative. Bland-Altman analysis indicated poor agreement of the median frequency data between the two days, showing large mean differences and a wide 95% LoA. Highly variable data on repeated measurements, such as the median frequency under the resting condition, are unreliable and thus clinically unacceptable. The low repeatability of surface EMG variables recorded under the resting condition may be related to methodological errors across different trials and sessions as well as the dynamic response of the muscle to experi-mental conditions.
The negative ICC of the left temporalis muscle is perplexing, but negative values can be generated when there is little variability among participants or considerable variability between days (for a more detailed explanation, see Reinoldi et al. [20] ). The negative ICC of the LtTA frequency was associated with high day-to-day variance, which was also confirmed in the Bland-Altman plot analysis, which showed a large mean difference and a wide LoA between the two consecutive days. In this study, the same EMG recording procedure was repeated on two different days less than 2 weeks apart. We made an effort to perform the second EMG recording as soon as possible after the first, without exceeding 1 week; however, certain participants could not meet this schedule. Intervals between a test and a retest in previous surface EMG studies for the temporalis and masseter muscles reportedly varied by 1 day (19), 1 week (2,5), 2 weeks (4,7), or 6 months (17) .
Reproducibility of the asymmetry and activity indices was good to excellent, with ICCs ranging from 76 to 99%. This was consistent with previous reports of good reproducibility of several indices of symmetry, torque coefficient, relative activity, and total activity of the temporalis and masseter muscles (17, 19) . It is noteworthy that ICCs of the asymmetry index were greater than those of the activity index, indicating that the asymmetry index is more reproducible than the activity index, although both were highly reproducible during the MVC tasks.
This study introduced a method of positioning surface electrodes on the superficial masseter and anterior temporalis muscles based on anatomical landmarks of the face for a single differential amplification system. For the superficial masseter muscle, a pair of monopolar surface electrodes was placed parallel to the traced line of the anterior margin of the muscle. The anterior margin of the superficial masseter is easily palpable when a participant clenches his teeth. It is reasonable to suppose that the direction of the pair of two monopolar surface electrodes is parallel to that of the underlying muscle fibers of the superficial masseter. The pair of surface electrodes was placed one-fourth of the length posteriorly from the intersection to the contact point of the first reference line with the inferior border of the auricle, which was 1-1.5 cm posterior to the anterior margin of the superficial masseter in men. This anteroposterior position of the electrode pair seems adequate because it is located far enough from the adjacent facial muscles anteriorly and from the parotid gland posteriorly. Myoelectric signals detected by surface EMG sensors are primarily from muscle fibers within 10-12 mm (21) . Consequently, the surface EMG recordings from this position should represent exclusive activity of the masseter muscle.
Using manual palpation, we repeatedly found that the anteroposterior position of the reference point on the superficial masseter region corresponded well with that of the anterior border of the coronoid process of the mandible in several participants. The temporalis muscle is attached to the surface of the coronoid process of the mandible and along the anterior border of the mandibular ramus. Thus, the third reference line, which connects the reference point on the masseter with the position of the first monopolar surface electrode for the anterior temporalis muscle, is assumed to run parallel to the fiber direction of the anterior temporalis muscle. Then, the position of the second monopolar surface electrode is determined above the first one on the third reference line to complete the bipolar configuration. The anteroposterior position of the first electrode was arbitrarily defined at one-fourth of the length posteriorly from the lateral canthus to the contact point of the second reference line with the superior border of the auricle. We thought this position was convenient and appropriate because it was >1 cm away from the anterior border of the temporalis belly and anterior to the hairline of the temporal region in most men.
The superoinferior position of the surface electrodes was defined using the two reference lines that were, in part, related to the external ear structure. Although the shape and size of the ear is affected by age, gender, and ethnic factors, the three-dimensional position of the right and left ears is symmetrical (22) , and most measurements between the two sides are also highly symmetrical (23) . These anatomical features of the ear contribute to the symmetrical positioning of surface electrodes on the masseter and anterior temporalis muscles. However, the exact superoinferior position of the surface electrodes for the superficial masseter and anterior temporalis muscles is still arbitrary. It is generally recommended that the bipolar surface EMG electrodes be applied between the innervation zone and the tendon area and that both electrodes should be on one side of the innervation zone (24) . The innervation zones of the superficial masseter and anterior temporalis muscles are scattered in large regions up to approximately 50% of the fiber length; thus, the optimal position of the surface EMG electrodes for these muscles could not be determined (25) . In another study, the neuromuscular junctions of both the superficial masseter and temporalis muscles were distributed within 10 mm along the muscle fibers, which were located in the lower part of the masseter and in the upper part of the temporalis muscle (26) . With regard to the masseter muscle, the lower half, except the end-plate zone, which was found in the middle of the lower half of the muscle, was recommended for surface EMG recording (27) .
The SENIAM group recommended an interelectrode spacing of 20 mm or one-fourth the length of the muscle fiber (3) . The fiber lengths of the superficial masseter and anterior temporalis were measured at 25 and 27 mm, respectively, in an anatomical study (28) , and these were estimated at 27 and 26 mm, respectively, with surface EMG (25) . One-fourth of these data ranged 6-7 mm. This length is not preferred for a bipolar electrode configuration owing to the size of the regular surface electrodes. However, larger electrodes and interelectrode distances improve the reproducibility of measurements (5, 10) , and an interelectrode distance of at least 10-15 mm has been suggested (10) . We used disc-type monopolar surface electrodes that were 10 mm in diameter. The interelectrode distance of the paired single surface electrodes was fixed at 20 mm by means of an adhesive tape. The interelectrode distance of 20 mm adopted in our study has the advantage of enabling comparisons of data from several different studies by using this distance because 20 mm is the most preferred distance.
Cross-talk is the EMG signal generated by nearby muscles and transmitted via volume conduction to the recording electrode. The recorded low-voltage EMG signal from the anterior temporalis muscle in the rest position could be affected by activity from other muscles in healthy participants when their eyes are open (29) . In contrast, another recent study reported no significant difference in the amplitude of the anterior temporalis muscle in the mandibular rest position between closed-and open-eye conditions in young, healthy participants (30) . Cross-talk signals have different shape and frequency components compared with the EMG signals detected over the active muscle; thus, cross-talk signals can be interpreted, quantified, and reduced if their origins are clearly determined (31) .
The findings of this study are limited for the following reasons. First, one independent researcher participated in the test, and consequently, inter-rater reproducibility was not evaluated. Second, the amplitude and spectral variables were tested only for MVC tasks, with no absolute muscle contraction force or biting force measurements. Various submaximal contraction activities might provide additional information. Third, templates were not used to locate the surface EMG sensors across different days; otherwise, it might have been possible to increase the repeatability of the measurements. Finally, this method of locating surface electrodes on the masseter and temporalis muscles may not be appropriate for participants with different craniofacial dimensions from those of adult men or in individuals with ear deformities.
In conclusion, this study revealed high repeatability of measurements of amplitude and spectral variables as well as the two indices obtained according to the protocol on the anterior temporalis and superficial masseter muscles during MVC tasks performed by healthy men. The variability in data between repeated measurements was small, and the data can be considered reliable for clinical use. However, these high-repeatability results should be interpreted within these limitations, and additional studies must be conducted using templates and intraexaminer measurement errors in both men and women for complete validation of these findings.
